A 5-year-old Brown Swiss cow being 8 months pregnant became recumbent and died. Postmortem examination revealed a multiple pregnancy with six normally developed fetuses and an amorphous globosus. The cow's internal organs were displaced and compressed the lungs. Fatty liver caused by metabolic disturbances was diagnosed. A multiple pregnancy with more than two fetuses is very rare in cattle. It could be induced by treatment with exogenous hormones, but it could also be the result of genetic selection.
Introduction
A multiple pregnancy with more than two fetuses is very rare in cattle (1) . The high mechanical and metabolic burden often causes recumbency and death of the dam.
Recumbency in pregnant cows can be due to various reasons, which include metabolic disturbances and impairment of the musculoskeletal system (4) . Metabolic disturbances comprise hypocalcemia, hypophosphatemia and hypokalemia. Impairment of the musculoskeletal system can occur as a consequence of metabolic disturbances. It could also be caused by straddling which leads to disruption of adductor muscles, ischemic necrosis, articular luxations, fractures and nerve paralysis.
This case report describes a cow with a septuplet pregnancy and the resulting changes in the dam's organ system.
Case details History and clinical examination
A 5-year-old Brown Swiss cow was treated with a PRID®alpha pessary (progesterone releasing intravaginal device) (CEVA, Düssel-dorf) for induction of estrus. The following artificial insemination was not successful and the cow came into estrus 3 weeks later. In this estrus, the cow was not artificially inseminated. In the next estrus, the cow finally became pregnant by artificial insemination without any exogenous hormonal treatment.
One month before term (253rd day of pregnancy), the cow showed breathing problems, became recumbent and died. Milk production had already ceased 3 months before and the cow was dry since then, but this was not investigated further. The day before the cow died, pregnancy control by rectal palpation resulted in the diagnosis of a living calf. Caesarean section was considered, Case Report but eventually refused because of the poor general condition of the cow.
It was the third pregnancy of this cow. The two previous pregnancies resulted in each case in birth of a single calf. The cow itself was born as a twin. Its mother gave birth to twins four times and to a single calf five times in a period of 10 years.
Postmortem findings
The cow's abdomen was markedly distended. Opening of the abdominal cavity revealed a severely dilated uterus. This caused displacement and compression of internal organs, cranial dislocation of the diaphragm as well as compression of the lungs. Opening of the uterus revealed six normally developed fetuses (▶ Table 1 ) and an amorphous globosus (▶ Fig. 1, ▶ Fig. 2 ). The placentas did not easily separate from the uterine wall.
The cow was in good body condition. The liver was enlarged, pale and fragile. By histopathologic examination a severe hepatocellular lipidosis was identified. A severe acute diffuse alveolar edema and congestion as well as compression atelectasis was diagnosed in the lungs. Petechiae were found subepicardially and in the mesenchyme surrounding the trachea. There was a moderate pericardial effusion accompanied by a mild chronic focal fibroplastic nonadhaesive pericarditis. Changes in other organs or organ systems were not observed.
Discussion
Abnormal multiple pregnancies with more than two calves are reported rarely. Cases of quintuplets to septuplets are listed by Bostedt (1) . Between 1855 and 1967 20 cases of quintuplets, seven cases of sextuplets and six cases of septuplets were reported. Determination of the exact prevalence of abnormal multiple pregnancies is not possible because of the rare reports (5, 8). In the majority of cases, pluriparous dairy cows were affected (15) .
Development of a multiple pregnancy is based on the ovulation of several follicles. Normally double ovulations occur in less than 10% in cattle, because a dominating follicle suppresses the development of subordinated follicles (18) . Multiple ovulation is requested in embryo transfer. Therefore several treatment strategies to induce multiple ovulation have been developed (14) .
Progestins have been integrated in multiple ovulation strategies for many years. P 4 -releasing vaginal pessaries like the PRID®alpha pessary are often used. The treatment leads to maintenance of a corpus luteum similar period and as a consequence release of gonadotropin releasing hormone by the hypothalamus is inhibited. After removal of the pessary, the P 4 drop-off leads to a preovula- (18) . In the superovulation protocols P 4 is combined with PGF2α for induction of luteolysis and gonadotropins for induction of superovulation (12) and has little effect on the ovulation rate itself (21) . In this case, the cow was treated once with a PRID®alpha pessary and it became pregnant three ovulations later. Hence an influence of the exogenous hormone treatment with regard to the multiple pregnancy is unlikely. Therefore a naturally occurring multiple pregnancy is assumed.
The cow itself was born as a twin and the dam had three more twin births. A genetic involvement in the development of multiple pregnancy is suspected. Statistically significant familial accumulation with respect to twinning was demonstrated (20) . A long term genetic selection is possible (6). Breed differences have been determined. Brown Swiss showed the highest incidence among dairy cattle with 8,9% (20) .
Multiple pregnancies give rise to several problems. Pregnancies with three or more fetuses often lead to abortion before the fifth month of pregnancy, premature births and dystocia as well as death of the dam (6). In the case reported here, the severe alveolar edema and the acute congestion of the lungs indicate an acute cardiovascular failure, presumably as a consequence of the multiple pregnancy. Compression of the lungs and the higher blood supply to the uterus may play a role. At the end of pregnancy, a uterus carrying a single fetus requires about 20% of the cardiac output for nutrition and oxygen supply. Changes in the cardiovascular system in sheep in normal pregnancies include a decrease of arterial blood pressure, systemic and uterine vascular resistance and an increase in heart rate, cardiac output and blood volume (9) . In multiple pregnancies these changes are more severe because of the bigger uterine volume. The six normally developed fetuses had a crownrump-length of 70-72 cm and a weight of 17-18 kg (▶ Table 1 ). This is in the normal range of a single fetus aborted in the 8th month of pregnancy (19) , indicating a high cardiovascular and metabolic burden of the cow by the multiple fetuses.
A major pregnancy complication in human medicine is gestational or pregnancy-induced hypertension (23) . In this syndrome maternal arterial blood pressure is increased and uterine blood flow is decreased leading to fetal hypoxia (16) . It manifests usually late in pregnancy and causes amongst others maternal morbidity and mortality. The incidence and severity are higher in multiple than in singleton pregnancies (3, 13) . The cause is unclear. Low serum ionized calcium concentrations seem to play a role (16) . Fetal calcium requirements increase during the last trimester when significant fetal bone calcification occurs. Hypocalcemia leads to an increase in systemic arterial blood pressure, systemic and uterine vascular resistance and a significant reduction in cardiac output and uterine blood flow. Hypocalcemia can be responsible for recumbency and death of the dam (16) . As the cow reported here showed recumbency shortly before death, hypocalcemia and subsequent gestational hypertension should be considered. As neither blood calcium levels nor blood pressure were recorded this remains speculative. 80% of fetal growth takes place in the last trimester. Maternal need for protein and energy supply is extremely high during this period (7) . Multiple pregnancies increase the maternal need for glucose even more (9) . Simultaneously food intake decreases in the last 3 weeks of pregnancy about 30%, especially in multiple pregnancies. The following negative energy balance can cause ketosis (22) . The analysis of blood serum samples in cows pregnant with twins revealed significantly elevated activities of GLDH (glutamate dehydrogenase), SDH (sorbitol dehydrogenase) and AST (aspartate aminotransferase) in comparison to cows with single fetuses (2) . This indicates a severe burden on liver metabolism. In sheep maternal serum levels of ß-hydroxybutyrate, ammonia and lactate increased progressively with increasing litter size, indicating that increasing fetal nutrient demands are maintained by mobilizing maternal protein and fat stores (11) . In the cow reported here, blood analysis was not performed, but the severe hepatic lipidosis strongly suggests a disturbance of liver metabolism. Occurrence in the last trimester in conjunction with multiple pregnancy points to the same pathogenesis of ketosis as in sheep in late pregnancy.
The fatty liver with suspected ketosis and the suspected hypocalcemia have to be considered in the context of ceased milk production in this cow 3 months before death. Ketosis and hypocalcemia ("milk fever") are known reasons for declining milk yields (17) . It can be assumed that the fetal demand for calcium and glucose caused a severe glucose and calcium deficit in the cow so that milk production could not be maintained.
One fetus was identified as an amorphous globosus (acardiac monster). This malformation arises in monochorial diamniotic twins (10) . It is a very rare malformation. In humans it occurs in one of 35 000 births. The pathomechanism assumed is the so called TRAP (transversed arterial perfusion) syndrome.
